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Abstract—This paper proposes a novel object tracking method 
using radio interferometry. The proposed low cost solution is able 
to track objects, equipped with a radio receiver, in real time, 
using only simple infrastructure nodes with radio transceivers at 
fixed and known locations. The localization method has low 
computational requirements and does not require any 
preliminary knowledge of, or measurements in the space where 
tracking is performed. The paper introduces the novel method 
and preliminary test results are also presented.  
Keywords–radio interferometry; positioning; sensor networks 
I.  INTRODUCTION  
LocationBased Services are important building blocks of 
several applications, e.g. surveillance, mobiles robots, or 
various industrial and supply chain tracking applications. To 
determine the location of objects there exist numerous 
approaches, e.g. the Global Positioning System (GPS), indoor 
positioning systems using Wi-Fi RF signals, RFID tags, or 
systems using images taken by inexpensive cameras.  
In this paper a novel tracking mechanism is introduced, 
which uses fixed transmitter and receiver nodes to track the 
movement of a receiver node, when its initial position is 
known. The method uses radio interferometry, where two 
transmitters generate an interference signal, which can be used 
to retrieve information regarding the relative positions of the 
transmitters and two receivers, one being the moving node. 
With successive measurements the system is able to track the 
movement of one or multiple objects.  
In Section II related work is reviewed. Section III 
introduces the novel tracking method. Preliminary 
measurement results are presented in Section IV, to illustrate 
the capabilities of the proposed method. Section V concludes 
the paper. 
II. PREVIOUS WORK 
A. Object posioning and tracking 
In outdoor positioning nowadays GPS is the most dominant 
method, with accuracy of a few meters. With special 
differential methods the accuracy can be decreased below 1m. 
The operation of GPS receivers requires line of sight of 
reference satellites, thus the applicability of GPS indoors is 
very limited. In indoor positioning a large variety of 
competitive methods have been proposed, using acoustic 
ranging, image processing, and radio signals, just to name a 
few. 
Methods using acoustic (mainly ultrasound) ranging 
measure the time of flight of acoustic beacons and compute 
pairwise distances (ranges). From the measured ranges and the 
known locations of the beacons the position of the object can 
be estimated [1].  
Low cost image processing in used in [2] for localization, 
where graphical markers are used (e.g. to identify key positions 
in a museum). A simple camera phone is used to take a picture 
on the marker and the localization is performed based on a 
static digital map. More advanced systems use a large set of 
pictures taken in the streets or buildings, and the localization is 
performed by comparing the photograph taken at an unknown 
position to the stored picture database [3]. 
Radio signals are widely used in indoor positioning. Signal-
strength based measurements utilize several transmitter sources 
and a map, which indicates the expected received signal 
strength (RSSI) of the transmitters at various positions of the 
space. Based on RSSI measurements the actual position of a 
receiver can be approximated [4].  
Time of flight of RF signals is used for ranging in [5]. The 
pairwise ranges can be used for localization, similarly to other 
(e.g. acoustic) ranging methods. To increase accuracy of 
ranging in multipath environments time of flight measurements 
were combined with phase evaluation in [6]. A completely 
different RF-based solution was proposed in [7], based on 
interference of radio signals.  
B. Radio Interferometric Positioning 
Radio Interferometric Positioning [7] was designed to 
provide low cost localization in wireless sensor networks, 
utilizing inexpensive off the shelf components. The method 
does not use high frequency signal processing, instead relies on 
radio interferometry and processes low frequency interference 
signals. The method utilizes two transmitters (A and B) to 
create an interference signal at two receivers (C and D), as 
shown in Fig. 1. If the frequencies of the two transmitters are 
approximately the same       then the interference 
signal at the receivers will have a low frequency envelope with 
frequency 	 |  |  This low frequency signal is the 
actual RSSI signal, which is available on most RF transceivers. 
By measuring the phase difference   between the RSSI 
signals detected at two receivers, information on the relative 
positions of the four nodes involved can be gained as follows 
[7]: 
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 Figure 1. Radio interferometric phase measurement 
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where   is the speed of light and the quad-range   is 
defined as follows: 
  d !"# 	 d #  d!# $ d!"  d "   (2) 
(see Fig. 1 for distance notations). Note that the quad-range is 
not an ordinary (pairwise) range but rather it provides a linear 
combination of the pairwise ranges of the four nodes involved. 
Also note the modulo operator in (1), which results an 
ambiguity of the solution: exact quad-ranges cannot be 
determined from one measurement. The phase ambiguity can 
be resolved by using multiple carrier frequencies and thus 
multiple  values. Solving a Diophantine equation the exact 
value of the quad-range  can be calculated (see [7]), 
provided the phase measurements have very small errors. 
Unfortunately this is rarely true in uncontrolled environments, 
as will be illustrated in our measurement results (see e.g. 
Fig. 9).  
From the calculated quad-ranges the object location is 
determined by an optimization method, based on genetic 
algorithms. The method proposed in [7] requires a large 
amount of data to be collected (in [7] 80 minutes data 
collection time was reported, but for smaller scale setups 5 
minutes of latency was estimated) and the localization also 
computationally intensive (2 minutes of calculation for the 
experiment in [7]).  
In the next section a novel method will be proposed to track 
objects. The proposed method is much less sensitive to 
measurement uncertainties, and provides fast tracking for 
objects.  
III. RADIO INTERFEROMETRIC TRACKING 
Our proposed method is not a pure localization but rather a 
tracking technique. We assume that the initial position of the 
object is known and the movement of the object is tracked in 
time by successive measurements.  
The system uses fixed reference nodes (transmitters and 
receivers) and arbitrary number of tracked receiver nodes. For 
sake of simplicity we will discuss only the case of one tracked 
node. First we will discuss the phase measurement process, 
then tracking in one dimension will be discussed, finally we 
will show how to extend tracking to multiple dimensions. 
A. Phase difference measurement 
The two receivers C and D are synchronized to each other. 
In the current solution a reference broadcast start command is 
used both to start measurement and provide time 
synchronization between the receiver nodes [9]. After the start 
command each receiver nodes sample the RSSI of the received 
interference signal for a given time period. The length of 
sampling is selected such that the sampled record includes at 
least a few full periods (see Fig. 1 for illustration and Fig. 4 for 
a real measurement). Both receivers (C and D) measure the 
period length %  and the time difference &  between the start 
command and a reference point in the measured signal 	(in our 
implementation we use the maximums of the RSSI signal for 
reference points). The results are sent to the base station where 
the actual phase difference (offset) is calculated as follows: 
 
Figure 2. Radio interferometric tracking with fixed transmitters A, B, A’, 
B’, fixed receiver C=C’, positioned at the center (not shown for clarity), 
and moving node D. (a) The generated phase pattern by transmitters A 
and B: hiperbolas corresponding to  	 2' phase values are shown. 
The trajectory of the moving object is shown by thick line, the origin is 
assumed to be known, (b) the measured phase difference values between 
nodes C and D, (c) phase correction values, (d) unwrapped phase values, 
(e)-(h) independent measurement with transmitters A’ and B’, (i) 
tracking using the phase esimates of the two measurements. The 
trajectory estimate is shown by the dotted line. 
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B. Tracking in one dimension 
For tracking in one dimension two fixed transmitter nodes 
(A and B) and one fixed receiver node C is used, while the 
tracked receiver is denoted by D (see Fig. 1). The transmitters 
utilize a single carrier frequency (as opposed to multiple 
frequencies in [7]) and the receivers continuously monitor the 
phase difference   The quad-range   is calculated. 
According to (2), the solutions for the position of moving node 
D are located on a set of hyperboloids (hyperbolas in 2D, as 
illustrated in Fig. 2). When a   value is measured, the 
associated quad-range   determines the possible positions 
of D. In Fig. 2(a) for illustration purposes hyperbolas 
corresponding to 2' phase values are shown. Note that from 
one measurement there is no way to determine on which of the 
possible hyperboloids D is located (i.e. '  is unknown), and 
even if the particular hyperboloid was knew, it is impossible to 
tell where on the hyperboloid D is exactly located.  
We assume that the original location of D is known. Also 
assuming that the motion of the object is relatively slow, i.e. 
the successive phase measurements have a difference smaller 
than  then the actual hyperboloid can be selected, based on 
the expected continuity assumption, using the estimated 
hyperboloid at the previous time instant, as follows. If the 
known phase in time instant ' is ,-  and the measurement in 
time instant ' $ 1  results the ambiguous phase values 
,-/01 	 -/0 $ 21, then the closest possible value to ,- is 
selected:  
 1 	 23415	|-/0 $ 21  ,-|  (4) 
Note that the underlying problem here is in fact the well-known 
phase-unwrapping problem (see e.g. [8]). In Fig. 2(b) the phase 
measurements are shown in the range of 0… 2 , while 
Fig.2(c) shows the phase correction values, according to (4), 
resulting the unwrapped phase measurement in Fig. 2(d).  
Knowing the exact phase value, the actual hyperboloid 
surface can be identified, using (1) and (2). Thus with a series 
of measurements the hyperboloid surface on which moving 
node D is located can be tracked. However, the exact location 
of D on the hyperboloid is not known yet: for this purpose 
multiple independent quad-ranges will be used. 
C. Tracking in higher dimensions 
If in addition to node triplet A,B,C another node triplet 
A’,B’,C’ is used then two quad-ranges   and 888  can 
be measured, as shown in Figs. 2(a) and 2(e). Note that node 
triples A, B, C and A’, B’, C’ may be composed of physically 
different nodes or alternatively may contain the same nodes but 
in different roles: e.g. a possible solution is A’=A, B’=C, 
C’=B. 
Using two quad-ranges, two independent one-dimensional 
tracking can be simultaneously performed, as described in 
Section III.B. In each time instant each tracking identifies a 
hyperboloid surface on which node D is located. In Fig. 2 the 
left and right columns represent the two independent trackings.  
Naturally node D is located in the intersection of the two 
hyperboloids, thus in 2D, the node’s location can be calculated, 
as illustrated in Fig. 2(i). For 3D localization three independent 
quad-ranges are necessary, for which at least four fixed devices 
must be used, out of which three independent triplets can be 
chosen.  
The measurements are scheduled using TDMA: different 
time slices are allocated for each quad-range. In each time-slice 
two transmitters are transmitting and generate the interference 
signal at the receivers.  
The robustness of the method can be increased by using 
more quad-ranges: the over-determined system is resistant to 
bad or missing measurement values. This paper will not cover 
this topic. 
IV. EVALUATION 
In this section the proposed concept will be evaluated. First 
the test hardware will be introduced, then phase measurements 
will be presented to illustrate the feasibility of the proposed 
approach. Finally a proof-of-concept tracking test will be 
introduced with four fixed and one moving device. 
A. Test hardware 
In the tests a special dual-radio node was used, the photo of 
which is shown in Fig. 3. The nodes are based on Atmel’s 
ATmega128RFA1 microcontroller which operates at 16 MHz 
and has an on-chip 2.4GHz RF transceiver, providing a cost 
efficient and integrated solution. This radio is used to transmit 
start commands and measurement results.  
Our node also has another radio chip (Silicon Labs, Si4432) 
with a wide variety of configuration options. This includes not 
only the transmission power and frequency band (240-
480MHz, 480-930MHz) selection, but the ability of fine tuning 
the transmission frequency in 156.25 Hz or 312.5 Hz 
increments. This feature makes the chip suitable for radio 
interference based tracking where the two transmitted sine 
waves need to be tuned nearly to the same frequency. In our 
system this radio is used to perform the interferometric 
measurements only.  
 
Figure 3. The dual-radio node used in the tests 
In our measurements we used the 868MHz ISM frequency 
band and fine tuned the frequency of one transmitter of each 
pair. Because the transmitted frequency highly depends on the 
environmental temperature, the calibration should be done 
before the actual phase measurement process and it should be 
corrected if the measured frequency changed too much. The 
actual RSSI measurement is done by reading the corresponding 
register from the radio chip in every 1/62500 second 390 times. 
This data is stored in a memory buffer for frequency and phase 
estimation, described in Section III.A. In most cases the used 
frequency difference is set to around 700 Hz, which provides 
around 90 samples per period. This amount of sample allows 
accurate phase estimation.  
B. Phase measurements 
To illustrate the phase measurement process, raw RSSI 
measurement results were downloaded from two synchronized 
receiver nodes, as shown in Fig. 4. Note that the RSSI output 
of the radio is logarithmic, that is why the shown envelop has 
not sinusoidal shape. The carrier frequency of the radios was 
set to the 868MHz and one of the radios was tuned off by 
5937.5Hz. Due to the inaccuracies of the radio devices, this 
frequency offset resulted approx. 620Hz frequency difference 
between the two radios. In Fig. 4 the frequency of the 
measured RSSI signals correspond to this value. The phase 
difference between the two RSSI signals was  	 092, as 
can be seen in Fig. 4.  
The next test was carried out to illustrate the accuracy of 
the phase offset measurements. Fig. 5 shows the test setup with 
two fixed transmitters A and B, a fixed receiver C, and a 
moving node D, which moved along trajectories T1, T2, and 
T3. The tests were performed outdoors in an orchard where the 
nodes were placed 1.2m above ground level on a wooden table. 
Phase offset values were measured along the trajectories in 
0.02m increments, collecting 100 measurements in each 
position. During the measurements the effect of external 
disturbances was minimized (e.g. there were no movements or 
operating electronic devices nearby). 
The results for trajectories T1, T2, and T3 are shown in 
Figs. 6, 7, and 8, respectively. The figures show both the 
wrapped and unwrapped phase offset values. Blue lines denote 
the computed ideal phase offset, while red dots show the actual 
measured values. Note the significant variance in the phase 
offset measurements, despite of the relatively disturbance-free 
environment. Also note that the variance is safely below the 
limit of , thus phase unwrapping is indeed possible using the 
expected continuity assumption.  
The frequency difference   varied between 892Hz and 
1420Hz during measurement T1, between 3472Hz and 3906Hz 
during T2, and between 416Hz and 1136Hz during T3. The 
variance of the phase measurement was the largest in T2, due 
to the large  . Note that the transmission frequency is 
sensitive to temperature, thus  changed quite rapidly during 
the measurements. 
The measurements also show significant local distortions of 
the phase offset pattern: at certain locations the phase offset 
values systematically tend to deviate from the ideal values, see 
e.g. Fig. 6 around position 0.8m or Fig. 8 around 1m. These 
errors naturally will cause error in the tracking process as well, 
but are local and do not accumulate.  
The distribution of the phase offset was tested with static 
nodes with frequency difference  	 595Hz-744Hz during 
the test. Fig. 9(a) shows the disturbance free case, while Fig. 
9(b) illustrates the situation when people were moving around 
the sensors, using 1500 measurements in each case. The 
standard deviation in the disturbance-free case was 003 , 
which increased to 009  when people were present in the 
measurement space. Fig. 9 shows that in both cases the noise 
level is small enough to perform phase unwrapping, but when 
disturbance is present, the phase error between two consecutive 
measurements may be close to , thus in this case probably 
more sophisticated unwrapping techniques should be used. 
C. Object tracking 
A proof of concept test was made to check the tracking 
capabilities of the proposed method. The test was carried out 
outdoors, using four fixed nodes and one moving node. The 
setup is shown in Fig. 10. The fixed nodes had alternating 
roles: in odd time slices node A and B were transmitting and 
node A’ was receiving; in even time slices node A’ and B’ 
were transmitting and node A was receiving (the moving node 
was receiving in every time slice). The moving node was 
carried in hand by a person, who walked along the rectangular 
trajectory, shown by red color in Fig. 10. The walker 
approached the rectangular path from the north (see the small 
initial curve at the top of figure) and made three rounds. The 
 
Figure 4. RSSI measurements of an interferometric signal with two 
synchronized radio receivers (blue and red lines, respectively). The RSSI 
output of the radio has logarithmic scale. 
 
Figure 5. Setup for phase-offset test measurements using fixed transmitters 
A,B, fixed receiver C, and moving receiver D. Blue line segments show 
trajectories T1, T2, and T3 of the moving object D. The calculated ideal 
phase-offset pattern is also shown. 
estimated positions are show in Fig. 10 by blue dots.  
During the measurement the 868MHz frequency channel 
was used and the radios were fine tuned to provide  	
718>?  and 88 	 961>?  frequency difference for 
transmitter pairs (A,B) and (A’,B’), respectively. The 
measurements were scheduled to provide 7 position 
estimations in each second. Note that each raw phase 
measurement was used in a new position estimation, there was 
no preprocessing (averaging or other filtering of phase data) 
applied. Note that the system can provides real time tracking as 
opposed to the several minutes long measurement and 
computing time of [7].  
As shown in Fig. 10, the tracking results are promising. The 
inaccuracies probably originate from two possible sources: (1) 
the object, carried by a person, did not follow exactly the ideal 
trajectory, and (2) the phase pattern was probably distorted, 
especially on the east side of the trajectory. Since the exact 
trajectory is not known the accuracy cannot be exactly 
determined, either. The achievable accuracy of the tracking 
solution is around half of the utilized wavelength 
(approximately 0.16m in our system), which correlates well 
with the results shown in Fig. 10. 
The accuracy and robustness of the method can probably be 
increased if redundancy is added to the system. Redundancy 
can be used either in the computation level (e.g. filtered phase 
estimates can be used in phase unwrapping process), or more 
quad-ranges can be used.  In the latter case an over-determined 
equation system has to be solved, where erroneous 
measurements can be identified and neglected. 
V. CONCLUSION 
A novel RF object tracking method was proposed which is 
able to perform the tracking of objects equipped by a simple 
radio transceiver, by using repeated phase measurements of 
interference signals, generated by fixed infrastructure radio 
transmitters. The radio interference is generated by pairs of 
transmitters and phase offset is measured between the moving 
node and a fixed infrastructure receiver.  
The feasibility of the proposed method was illustrated by 
real measurements and preliminary experiments. The accuracy 
of the phase measurement and a simple unwrapping technique 
was illustrated, and a four-node 2D tracking experiment was 
also discussed. 
The first outdoor experiments are promising, however the 
applicability of the proposed approach in indoor environments, 
 
(a) 
 
(b) 
Figure 6. Phase offset measurements for trajectory T1. Blue lines show the 
ideal phase offset values, scattered plot with red dots show the actual 
measurements. (a) wrapped and (b) unwrapped phase offset values.  
 
(a) 
 
(b) 
Figure 7. Phase offset measurements for trajectory T2. Blue lines show the 
ideal phase offset values, scattered plot with red dots show the actual 
measurements. (a) wrapped and (b) unwrapped phase offset values.  
where fading is a critical issue, is to be further examined. By 
adding redundancy to the system its robustness can be 
increased, thus errors from signal loss can be eliminated. Also 
more advanced unwrapping techniques, using built-in models 
on the movement, can be applied to increase the robustness of 
the system. 
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Figure 10. Radiointerferometric tracking. The fixed nodes were nodes A,B,A’, 
and B’, with periodically changing roles. The moving object was carried on 
the rectangular path denoted by the red line. The tracked positions are shown 
by blue dots. The ideal phase patterns are also shown: green lines for 
trasmitter pair (A,B), blue lines for transmitter pair (A’,B’) 
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Figure 8. Phase offset measurements for trajectory T3. Blue lines show the 
ideal phase offset values, scattered plot with red dots show the actual 
measurements. (a) wrapped and (b) unwrapped phase offset values.  
 
 (a) (b) 
Figure 9. Distribution of 1500 phase offset measurements (a) disturbance-free 
case (b) human presence and movement  
